Coronary artery fistulas, a rare anomaly, are represented by an abnormal communication between the coronary arteries and other vascular structures or cardiac chambers and, in most cases, are detected incidentally. Regularly, they do not cause important pathological changes, but if the symptoms persist, they need to be treated. The hemodynamic impact depends on the localization and size of the fistulas. Noninvasive imaging techniques, such as magnetic resonance imaging and multislice computed tomography, are widely used for the detection of coronary anomalies. The presence of symptoms (angina, dyspnea) is the primary indication for the surgical or percutaneous closure of the communications; therefore, a systematic follow-up is indicated in all cases. We present four cases of coronary artery fistulas, without important hemodynamic complications, detected by multislice computed tomography coronary angiography.
INTRODUCTION
Coronary artery fistulas (CAF) are considered a rare, mostly congenital abnormal connection between the coronary arteries and other vascular structures or cardiac chambers. 1 In general, they do not cause important symptoms or complications, but the hemodynamic impact depends on the localization and size of the fistulas. The "coronary artery stealing" phenomenon, which leads to segmental myocardial ischemia, has low incidence rates. Other important complications include bacterial endocarditis, congestive heart failure, and even sudden death. 2 New imaging techniques, such as magnetic resonance imaging (MRI) and multislice computed tomography coronary angiography (MSCT-CA), are used for detecting major coronary artery anomalies. The strengths of computed tomography (CT) are represented by faster and safer detection of abnormal coronary artery features, including origin or trajectory anomalies, as well as evaluation of the hemodynamic significance of the fistula and preoperative evaluation. 3 The management and therapeutic algorithm for these coronary anomalies is dif-ficult, but is only required in case of symptomatic patients. We present four cases of CAF, most of them associated with ischemic coronary disease, detected by MSCT-CA.
All patients consented to publication of their data and the publication was approved by the Ethics Committee of the center where the examinations were performed. All examinations were performed in accordance to the principles stated in the Declaration of Helsinki.
CASE 1
A 47-year-old male patient with significant cardiovascular history -acute anterior myocardial infarction and coronary angioplasty with drug-eluting stent on the left anterior descendant artery (LAD) -was admitted to the Cardiology Clinic for regular follow-up. His physical examination did not reveal any signs. The electrocardiography showed sinus rhythm with negative T waves in the precordial leads V1 to V6. The transthoracic echocardiogram showed a hypokinetic region in the anterior wall of the left ventricle, with a left ventricular ejection fraction of 48%. The MSCT image showed the persistence of the contrast media located in the middle segment of the stent that was placed on the LAD, associated with a calcified atheromatous plaque that did not cause a significant stenosis. The circumflex artery (CXA) and right coronary artery (RCA) did not present important lesions, but a coronary arteriovenous shunt at the emergence of the circumflex artery was found. Figure 1 illustrates the fistulous tract between the proximal circumflex artery and the superior vena cava. Considering that the patient was asymptomatic after revascularization, without chest pain, dyspnea, or fatigue, a conservative therapeutic route was chosen, with a rigorous follow-up.
CASE 2
A 59-year-old male with a history of hypertension, stroke, stable angina pectoris, and persistent atrial fibrillation that had been converted to sinus rhythm, presented to the emergency room with constrictive chest pain and fatigue occurring during minimum physical exertion. The vital signs were stable, without any pathological signs upon . The left ventricular ejection fraction was 45% as detected by transthoracic echocardiography. A MSCT-CA was performed, which detected atheromatous plaques on the LAD, a muscle bridge -intramuscular path of the LAD, and two coronary fistulas: a coronary-pulmonary and a coronary-aortic fistula, emerging at the proximal segment of the LAD and the RCA, as shown in Figure 2 . As the next step, invasive coronary angiography was performed, approaching the 60% stenosis at the proximal segment of the LAD, for which a drug eluting stent was implanted with optimal post-interventional results, with a slowed blood flow in the direction of the coronary-aortic fistula.
CASE 3
A 84-year-old female patient with a history of hypertension and various episodes of retrosternal chest pain with burning character was admitted to our department. Physical examination revealed a systolic murmur at the left sternal border. Electrocardiography showed a left bundle branch block, and the laboratory tests were without any pathological changes. The echocardiographic image showed a hypokinetic left ventricular anterior wall. Cardiac MSCT revealed moderate stenotic lesions on the LAD and a communication between the pulmonary trunk and the left atrial appendage, as illustrated in Figure 3 . The management of this case included the use of pharmacological agents with favorable evolution of symptoms.
CASE 4
A young, 46-year-old male patient, with recent inferior myocardial infarction for which a primary percutaneous coronary angioplasty with a drug eluting stent on the RCA was performed, presented for the 1-year follow-up. The patient was complaining of chest pain and dyspnea occurring after minimum physical exertion. The electrocardiography showed negative T waves in DII and DIII leads, and the echocardiogram revealed a normal left ventricular ejection fraction. An invasive coronary angiography was performed, and it revealed a 65% stenosis on the LAD and critical stenosis on the circumflex artery. The patient underwent a coronary angioplasty with a drug-eluting stent in the middle segment of the CXA, with optimal post-procedural results. During the coronary intervention, multiple small fistulas connecting the left anterior descending artery with the pulmonary trunk were observed. For a more detailed image acquisition, an MSCT-CA was also performed, which described multiple aorto-pulmonary fistulas up to 2 mm in diameter, between the aortic arch and the pulmonary artery (Figure 4 ).
DISCUSSIONS
Coronary artery fistulas represent 0.2-0.4% of congenital cardiac anomalies. 4 A single communication or multiple fistulas between two vascular structures or between a coronary artery and a cardiac chamber have been described. 5 In most cases, fistulas are associated with other cardiac anomalies such as persistent ductus arteriosus or vascular atresia.
From a pathophysiological point of view, CAF are characterized by a reduction in the myocardial blood flow distal to the fistulous tract, the so-called "myocardial stealing". The diastolic pressure gradient is modified by the quantity of blood lost due the communications. 6 The existence of a fistula is compensated by the enlargement of the artery that leads to the fistula, with several possible complications such as aneurysm development, atherosclerotic deposition, and even rupture in a few cases. The pressure difference between the feeding artery and the recipient structure influences the severity of the shunt; the largest shunts have been detected in cases where the right side of the heart was affected.
Adult patients are in most cases asymptomatic, but the clinical presentation depends on the localization, the size of the communication, and the resistance of the recipient structure. The possible symptoms include chest pain, arrhythmias, dyspnea or fatigue. 7 During physical examination of these patients, a specific systolic and diastolic murmur might also be detected. 8 The most used noninvasive diagnostic tools in case of suspicioning these coronary anomalies are transthoracic or transesophageal echocardiography, multislice computed tomography, and magnetic resonance imaging. 9 Invasive angiography also offers detailed information about the type of the fistula -solitary or multiple, about the recipient vessel or chamber, but in most cases, it is used as a preoperative evaluation method, similarly to transesophageal echocardiography. 10 MSCT-CA is a useful and fast imaging technique that allows certain anatomic descriptions, with some limitations that include radiation exposure. 11 The management of asymptomatic patients is represented by rigorous, periodic follow-up. 12 The presence of specific symptoms and large shunts are indications for closure of the communication. This can be achieved by two methods: surgical -ligation, or interventional -transcatheter embolization. 13 Surgical ligation of the fistula was the primary treatment option until the 80's, when the percutaneous method has been introduced. 14 The transcatheter closure is performed using various devices such as occlusion coils or umbrella devices. 15 Indications for the percutaneous embolization are: draining location in one heart site, proximal location of the fistula, absence of associated cardiac pathology that would require surgical correction. 16 After transcatheter closure, antiplatelet therapy and low-dose anticoagulation are required, as well as a long-term follow-up. 17 CONClUSIONS Detection of these rare coronary anomalies is incidental in most cases. Noninvasive assessment, such as magnetic resonance imaging or multislice computed tomography, are widely available, offer safe information, thus helping in the management of coronary fistulas. The presence of symptoms (angina, dyspnea) is the primary indication for surgical or percutaneous closure of the fistulas. Long-term periodic, rigorous follow-up is highly recommended in all cases.
